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Abstract
Background—Data are limited on usual sodium and potassium intakes relative to age-specific 
recommendations and the sodium:potassium ratio in infants and preschoolers, especially among 
those aged <2 y, who are black or breastfed.
Objective—The usual sodium intake above the Tolerable Upper Intake Levels (ULs), potassium 
intakes above Adequate Intakes (AIs), the sodium:potassium ratio, and sodium density (mg/kcal) 
among US infants and preschoolers by age group, as applicable, were estimated and compared by 
race-ethnicity and current breastfeeding status.
Design—Data were analyzed among 3 groups of children (aged 7–11 mo, 1–3 y, and 4–5 y) from 
the NHANES 2003–2010 by using measurement error models.
Results—Seventy-nine percent of children aged 1–3 y and 87% of those aged 4–5 y exceeded 
their sodium UL; among non-Hispanic black children, the estimates were 84% and 97%, 
respectively. For potassium, 97% of infants, 5% of children aged 1–3 y, and 0.4% aged 4–5 y met 
their AIs. Compared with non-Hispanic whites and Mexican Americans, non-Hispanic black 
infants and preschoolers had higher mean sodium density and sodium:potassium ratios. Currently 
breastfed infants and children consumed, on average, less sodium than those who were not 
breastfed (382 ± 53 compared with 538 ± 22 mg in those aged 7–11 mo and 1154 ± 88 compared 
with 1985 ± 24 mg in those aged 1–3 y, respectively), but the sodium:potassium ratio did not 
differ.
Conclusions—Most US preschoolers, particularly non-Hispanic blacks, consume too much 
sodium, and nearly all do not consume enough potassium. Data that suggest that currently 
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breastfed infants consume less sodium than do those who are not breastfeeding merit further 
investigation.
INTRODUCTION
Excess sodium and inadequate potassium intake are related to hypertension, a major risk 
factor for cardiovascular diseases, the leading causes of death in the United States (1). 
Evidence from animal and human studies (2, 3), including randomized clinical trials and 
meta-analyses (4), indicate a positive dose-response relation between dietary sodium intake 
and blood pressure (BP)5, particularly among certain population subgroups, such as non-
Hispanic blacks (5). Results from the NHANES 2003–2008 indicated that US children aged 
8–18 y consume about the same average amount of sodium per day as adults (3400 mg) and 
higher sodium intake was associated with higher systolic pressure, particularly among 
children who were overweight or obese (6). In addition, higher potassium intake can 
increase urinary sodium excretion through the distal tubule of kidney (7-10) and can 
decrease BP responses to increased sodium intake (11), with some studies suggesting that 
the sodium:potassium ratio also may be informative about hypertension (12). Given that 
high BP tends to persist with age (13, 14), early sodium and potassium intake in line with 
recommendations might help prevent development of later hypertension (15). In addition, 
taste preferences for salty foods may be established early in life and may be related to 
breastfeeding and introduction of complementary foods (16), emphasizing the need for 
information among the youngest consumers about intake of sodium relative to energy, along 
with sodium and potassium intakes relative to guidelines, and sodium:potassium ratios.
In 2005, the Institute of Medicine (IOM) established the Dietary Reference Intakes, 
including Tolerable Upper Intake Levels (ULs) for sodium (2300 mg/d) for adults aged 19–
50 y on the basis of a dose-response relation between sodium and hypertension. ULs for 
children were extrapolated from adult ULs on the basis of averages of median age-specific 
energy intakes (17). No UL was set for infants, nor was a UL set for potassium. Because of 
limited data, Adequate Intakes (AIs) were set, rather than Recommended Dietary 
Allowances, for sodium and potassium and also extrapolated for children on the basis of 
median energy intakes. In contrast to the IOM Dietary Reference Intakes, the Dietary 
Guidelines for Americans do not adjust sodium and potassium guidelines for children on the 
basis of energy intake, nor do they include children aged <2 y (18).
Limited data exist on sodium and potassium intakes in relation to age-specific 
recommendations, usual sodium density, and sodium:potassium ratio, especially among 
infants and children aged <2 y, black children, and breastfed children. Data from NHANES 
2003–2006 were used to estimate the percentage of children aged ≥2 y with sodium intakes 
above the AI and UL and the percentage of children aged ≥2 y with potassium intakes above 
the AI (19). Data from the 2002 and 2008 Feeding Infants and Toddlers Study (FITS) 
included infants and children aged <2 y but did not include separate data for non-Hispanic 
5Abbreviations used: AI, Adequate Intake; BP, blood pressure; FITS, Feeding Infants and Toddlers Study; FNDDS, Food and 
Nutrient Database for Dietary Studies; IOM, Institute of Medicine; MEC, mobile examination center; PIR, poverty:income ratio; UL, 
Tolerable Upper Intake Level.
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black children, sodium density, or sodium:potassium ratio (20, 21). In the current study, 
usual sodium intakes above the UL, sodium and potassium intakes above AIs, the 
sodium:potassium ratio, and sodium density (mg/kcal) among US infants and preschoolers 
by age group, as applicable, were estimated and compared by race-ethnicity and current 
breastfeeding status.
METHODS
Data source and study design
Data were used from NHANES 2003–2010, a nationally representative, cross-sectional 
survey that used a stratified, multistage, complex sampling design to assess the nutrition and 
health status of the noninstitutionalized US population (22). Data for NHANES were 
collected by the National Center for Health Statistics, CDC, via interviews and physical 
examinations. Detailed information is available elsewhere (22). The survey was reviewed 
and approved by the National Center for Health Statistics ethics review board, and 
participants or their proxies provided written informed consent before participation.
Sample selection
Data were analyzed among 3 groups of participants—1) infants aged 7–11 mo, 2) children 
aged 1–3 y, and 3) children aged 4–5 y—to investigate intake during the establishment of 
dietary patterns before entry to school. Infants aged ≤6 mo were excluded because they 
primarily consume infant formula and breast milk. Four cycles of NHANES (2003–2010) 
were combined to provide an adequate sample size for stable intake estimates among our 
subgroups of interest. Of the infants aged 7–11 mo and preschoolers aged 1–5 y who were 
selected for NHANES, 88% (n = 780) and 85% (n = 5026), respectively, came to the mobile 
examination center (MEC) in 2003–2010. We sequentially excluded 442 participants with a 
missing or incomplete first-day dietary recall or an incomplete second-day dietary recall, 12 
participants with missing maternal age at birth, and 382 participants with missing income 
data. The final analytic sample (n = 4970) included 699 infants aged 7–11 mo, 2882 
preschoolers aged 1–3 y, and 1389 children aged 4–5 y. When compared with children 
excluded (n = 394) because of missing or incomplete information on diet or covariates, the 
children included (n = 4970) in our sample did not differ significantly by sex. However, a 
higher percentage of children included in the sample were non-Hispanic white (56% 
compared with 40% of the excluded children aged 1–3 y and 58% compared with 37% of 
the excluded children aged 4–5 y, respectively; P < 0.05) and a lower percentage of children 
were Mexican American (17% compared with 24% and 16% compared with 22%, 
respectively; P < 0.05).
Nutrient intakes
To assess nutrient intakes (sodium, potassium, and energy), data on the intake or child’s 
intake of foods were reported by a proxy (eg, mother). Dietary intake of foods by infants or 
children in the previous 24 h was collected from the proxy in the MEC (day 1) and by 
telephone 3–10 d later (day 2) by trained interviewers using the USDA’s Automated Multi-
Pass Method described in detail elsewhere (23). The nutrient values for sodium, potassium, 
and energy were assigned to foods and beverages (including water) by the USDA by using 
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the Food and Nutrient Database for Dietary Studies (FNDDS) corresponding with each 2-y 
phase (24), with one exception. In the current study, the sodium content of tap and bottled 
water consumed in 2003–2004 was quantified by using the nutrient profile for those items in 
FNDDS 3.0 (24) corresponding to NHANES 2005–2006. In 2003–2004, tap and plain 
bottled water intake information was collected after the 24-h dietary recall and not included 
in estimates of individual sodium intake. Thus, the sodium content of water was added to 
individual sodium intake from other sources for intake estimates in 2003–2004. From 2005 
to 2010, data on tap and plain bottled water intake were collected as part of the 24-h dietary 
recall and sodium content was quantified by using the FNDDS corresponding with each 2-y 
phase. Dietary sodium or potassium intakes were estimated by summing the sodium or 
potassium consumed from each food and beverage reported during the previous 24 h. We 
chose to focus on sodium intake from food and beverages excluding salt added at the table, 
sodium in supplements, and sodium in antacids, because foods and beverages are the 
primary source of sodium intake (24, 25). For children whose proxies reported that they 
consumed human milk on one or both recall days, the nutrient intakes from human milk 
were estimated and added to those from other foods and beverages by using the methods 
described below.
A total of 230 infants and children aged 7–36 mo were reported to receive human milk. 
Except for one infant aged 7 mo who was reported to receive only human milk, these 
children also were reported to receive other beverages or foods. For each child, the number 
of human milk feedings during the past 24 h was reported on each recall. To assess the 
amount of human milk consumed, the approach used in the FITS (20) was used. The volume 
of human milk was assumed to be 600 mL/d for children aged 7–11 mo fed only human 
milk, 600 mL/d minus the volume of infant formula plus other milk for other children aged 
7–11 mo, 89 mL per human milk feeding for children aged 12–17 mo, and 59 mL per 
feeding for children aged 18–36 mo. Sodium, potassium, and energy concentrations in 
human milk were assumed to be 177 mg/L, 531 mg/L, and 75 kcal/L, respectively, based on 
the USDA National Nutrient Database for Standard Reference 25 values for mature human 
milk and 33.8 fluid ounces per liter (26).
Excess sodium intake was defined as a usual intake greater than the UL for each applicable 
age group (17). Adequate sodium and potassium intakes were defined as usual intake above 
the AI for each age group (17). The estimation of usual intakes is described below under 
“Statistical analyses.”
Covariates
Questionnaire information included sex, age, race-ethnicity, income, household size, and 
maternal age. Weight, height (for children aged ≥2 y), and length (for infants and children 
<2 y) were measured in the MEC (21). Three age groups of US children aged 7–11 mo, 1–3 
y, and 4–5 y were defined to match the age groups used by the IOM (17). Race-ethnicity 
was reported by the proxies on the basis of a list that included an openended response. For 
this analysis, the race-ethnicity groups were limited to non-Hispanic white, non-Hispanic 
black, and Mexican American because of continuous oversampling in these groups across 
survey years. Sample sizes for other race-ethnicity groups were too small for stable intake 
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estimates. Current breastfeeding status was based on the proxy reporting that the infant or 
child consumed human milk one or more times on at least one of the two 24-h dietary 
recalls.
Other covariates of interest as potential confounders in the comparison of sodium and 
potassium intake by race-ethnicity or current breastfeeding status were income, maternal age 
at birth, infant birth weight, and weight-for-length or BMI. To assess income, the 
poverty:income ratio (PIR) was used. It was defined as household income relative to 
national poverty thresholds for a household of similar size, composition, and location and 
was categorized as ≤130% or 130%, which are the categories often used for federal 
programs. Maternal age at birth was categorized as ≤19, 20–34, and ≥35 y. Infant birth 
weight was reported by proxy (usually the mother). Infant birth weight was categorized as 
<2500 g, 2500–4000 g, and.4000 g. By using the CDC 2000 growth charts, the weight status 
of children aged 7 mo up to 23 mo was classified according to their weight-for-length z 
score (27), and children aged 2–5 y were classified by their BMI-for-age z score (28). The z 
scores were converted to percentiles, and children were classified as <85th percentile, ≥85th 
to <95th percentile, and ≥95th percentile. BMI was defined as weight in kilograms divided 
by height in meters squared.
Finally, for estimation of usual nutrient intake distributions (see Statistical analysis), day of 
the week of the 24-h dietary recall was examined because nutrient intakes vary within 
individuals from day to day and from weekend to weekday (29).
Statistical analysis
We estimated usual intake distributions (ie, means, medians, 25th and 75th percentiles) of 
sodium, sodium density, energy, potassium, and sodium:potassium ratio. In addition, we 
estimated the prevalence of sodium consumption exceeding the age-specific UL and sodium 
and potassium exceeding the AI for children among each applicable age group by race-
ethnicity or by current breastfeeding status. We used data from up to two 24-h dietary recalls 
for each participant with statistical software that fits a measurement error model to estimate 
usual intake distributions [PC-SIDE (Software for Intake Distribution Estimation for the 
Windows operating system), version 1.0; Iowa State University] (30, 31). A single 24-h 
dietary recall can be used to estimate mean population intake; however, this approach does 
not account for day-to-day variation in food consumed by individuals and can overestimate 
or underestimate the population prevalence above and below specific thresholds (29). PC-
SIDE selects the best transformation to normalize the data; adjusts the intake distribution for 
selected variables such as age, sex, race-ethnicity, and day of the week; and accounts for 
within- and between-individual variability in nutrient intakes. PC-SIDE can be used to 
estimate usual nutrient intake distributions when only a subsample of the population has ≥2 
independent days of dietary data: 86% of respondents to the first 24-h dietary recall in 
NHANES 2003– 2010 provided a second 24-h dietary recall. In PC-SIDE, SEs for usual 
intakes were estimated by using a set of 122 jackknife repeated replication weights based on 
the 8-y combined first-day dietary sampling weights. In our analyses, we initially adjusted 
distributions in PC-SIDE for participant age in months, sex, race-ethnicity, current 
breastfeeding status, maternal age, PIR, infant birth weight, weight status, and day of the 
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week of the 24-h dietary recall. In subsequent analyses, we found that the adjustment of the 
nutrient intake distributions for birth weight and weight status did not affect the direction or 
magnitude of the differences in the distributions by race-ethnicity or current breastfeeding 
status, and thus in the final analyses we adjusted for all the variables listed as above except 
for birth weight and weight status. For analyses stratified by race-ethnicity we did not adjust 
distributions for race-ethnicity, and for analyses stratified by current breastfeeding status we 
did not adjust distributions for current breastfeeding status.
Mean usual nutrient intakes by race-ethnic group were compared by the Z-test. With the 
exception of estimation of nutrient intakes in PC-SIDE, other analyses used SAS-callable 
SUDAAN version 9.3 (SAS Institute) and combined 8-y MEC sample weights to account 
for the complex survey design.
RESULTS
Significant differences (P < 0.05) between race-ethnic groups were noted in the PIR and 
birth weight for all age groups, for maternal age at birth among those aged 1–3 and 4–5 y, 
for BMI percentile among those aged 1–3 y, and for current breastfeeding status among 
those aged 7–11 mo and 1–3 y (Table 1). After usual nutrient intake distributions were 
adjusted for covariates, non-Hispanic black children had the highest mean sodium intake (in 
mg/d) of the race-ethnic groups examined across all 3 age groups (Table 2). Among infants 
aged 7–11 mo, non-Hispanic blacks and Mexican Americans had significantly higher mean 
sodium intakes (~100–150 mg/d) than non-Hispanic whites. Among children aged 1–3 and 
4–5 y, non-Hispanic black children had significantly higher mean sodium intakes (~190–310 
mg/d) than did non-Hispanic whites or Mexican Americans. Among infants aged 7–11 mo, 
the majority met their AI for sodium as did >98% of children aged 1–3 y and nearly 100% 
of children aged 4–5 y. Among children aged 1–3 and 4–5 y, the vast majority consumed 
more than their UL for sodium, regardless of race-ethnicity. Among children aged 1–3 and 
4–5 y, the proportion with usual intake more than the sodium UL varied by race-ethnicity. 
Among children aged 1–3 y, a significantly higher proportion of non-Hispanic blacks and 
whites compared with Mexican Americans consumed more than the UL, and among 
children aged 4–5 y a significantly higher proportion of non-Hispanic blacks compared with 
non-Hispanic whites and Mexican Americans consumed more than the UL.
Sodium density and energy intake also varied by race-ethnicity in almost all age groups, 
with non-Hispanic blacks consuming more sodium per kilocalorie and energy, on average, 
compared with at least one of the other race-ethnic groups (Table 3). Among infants aged 7–
11 mo, non-Hispanic blacks consumed more sodium per kilocalorie and energy than did 
non-Hispanic whites. In addition, non-Hispanic blacks consumed more energy, on average, 
than did Mexican Americans. Among children aged 1–3 y, non-Hispanic blacks and non-
Hispanic whites consumed more sodium per kilocalorie than did Mexican Americans. In 
addition, non-Hispanic blacks consumed more energy than both non-Hispanic whites and 
Mexican Americans. Among children aged 4–5 y, non-Hispanic blacks consumed more 
sodium per kilocalorie than did non-Hispanic whites and Mexican Americans, but energy 
intake did not vary by race-ethnicity.
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Among children aged 1–3 and 4–5 y, Mexican Americans consumed significantly more 
potassium (~120–330 mg/d) than did non-Hispanic whites or non-Hispanic blacks (see 
Supplemental Table 1 under “Supplemental data” in the online issue). Among children aged 
4–5 y, non-Hispanic blacks consumed the least potassium. Among infants aged 7–11 mo, 
the vast majority of children among all race-ethnic groups consumed more than their AI of 
potassium. In contrast, across all 3 race-ethnic groups, <8% of children aged 1–3 y and ≤1% 
of children aged 4–5 y met or exceeded their AI of potassium.
The mean sodium:potassium ratio was lowest among US children aged 7–11 mo (<0.5) 
compared with older age groups (see Supplemental Table 1 under “Supplemental data” in 
the online issue). Among infants aged 7–11 mo, non-Hispanic blacks and Mexican 
Americans consumed, on average, more sodium to potassium than did non-Hispanic whites. 
Among children aged 1–3 and 4–5 y, non-Hispanic black children consumed, on average, 
more sodium to potassium followed by non-Hispanic whites and Mexican Americans.
Currently breastfed infants and children (Table 4) consumed significantly less sodium, on 
average, than those who were not breastfeeding. Furthermore, the proportion of children 
aged 1–3 y who consumed more than the UL was significantly lower among currently 
breastfed children. Among children aged 1–3 y, those currently breastfed also consumed less 
sodium, on average, from complementary food and beverages [food and beverages other 
than human milk, infant formula, and other milks (eg, cow milk)]. Complementary food 
accounted for ~63–74% of sodium consumed among children aged 7–11 mo and for ~90% 
among those aged 1–3 y.
Currently breastfed infants and children consumed less sodium per kilocalorie and energy 
than did thosewho were not breastfeeding (Table 5). The intake of sodium per kilocalorie 
from complementary foods did not vary by current breastfeeding status. Mean energy intake 
from complementary foods was lower for children currently breastfed, particularly among 
children aged 1–3 y.
Similar to the results for sodium intake, currently breastfed infants and children consumed 
less potassium (see Supplemental Table 2 under “ Supplemental data” in the online issue). A 
substantial proportion of potassium intake was from complementary foods: 50–61% among 
infants aged 7–11 mo and 68–70% among children aged 1–3 y. The sodium:potassium ratio 
did not vary by current breastfeeding status (see Supplemental Table 2 under “Supplemental 
data” in the online issue).
DISCUSSION
In 2003–2010 the vast majority of US children aged 1–5 y consumed excessive sodium and 
nearly all children in this age range did not consume enough potassium. The mean intake for 
preschoolers aged 4–5 y exceeded the UL for adults (2300 mg/d) (17). Notably, non-
Hispanic black infants and preschoolers had significantly higher intakes of sodium and 
higher sodium:potassium ratio than did their non-Hispanic white counterparts, and Mexican 
Americans had the highest potassium intakes and the lowest sodium:potassium ratio. Results 
suggest the higher sodium intakes among non-Hispanic black infants and children were at 
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least partially explained by greater intakes of sodium per kilocalorie. Furthermore, infants 
and children who were currently breastfed consumed less sodium, potassium, and energy 
than children who were not.
Our report provides the most current and comprehensive data on usual sodium and 
potassium intakes among US infants aged 7– 11 mo and preschool children, particularly 
among non-Hispanic blacks. Our results expand previous results to include nutrient intakes 
among children currently breastfeeding and reinforce other US data (19, 20) that most 
preschool children still exceed the UL for sodium intake and that non-Hispanic black 
children aged ≥2 y have significantly higher mean sodium intakes than non-Hispanic whites 
or Mexican Americans. In addition, our results are the first we know of to suggest that 
higher consumption of sodium per kilocalorie as well as energy intake are related to the 
higher sodium intake observed among non-Hispanic black infants and preschoolers. Among 
US children, sodium is highly correlated with energy intake (r ~ 0.8) (32). Among children 
aged 4–5 y, non-Hispanic blacks consumed higher amounts of sodium per kilocalorie, but 
not higher energy, suggesting that the types of foods consumed or the greater amount of 
sodium in similar caloric foods consumed was a factor in their higher sodium intake.
Our results for potassium are also consistent with older data indicating that a small 
proportion of all US children aged ≥2 y meet the AI for potassium and that mean potassium 
intake is greater than the AI in infants aged 7–11 mo but lower than the AI in children aged 
≥1 y (17, 33). As in previous studies, the usual mean intake of potassium, although still low, 
was higher among Mexican American preschool children compared with other race-ethnic 
groups (21).
Our results also confirm previous studies indicating that the majority of sodium and 
potassium intake is from complementary foods rather than from breast milk or infant 
formula (34, 35). In addition, the current study shows that the differences in sodium intake 
by current breastfeeding status are related to the lower energy intake from complementary 
foods among breastfeeding children.
We know of no previous study examining the sodium:potassium ratio among infants and 
preschool children. Our results indicate that sodium intake is lower than potassium intake 
among US infants and that this reverses (ie, higher sodium relative to potassium intakes) 
among US children aged 4–5 y. In addition, within each age group, non-Hispanic blacks 
consumed more sodium relative to potassium compared with other race-ethnic groups, 
whereas among children aged 1–5 y, Mexican Americans consumed lower amounts of 
sodium relative to potassium. In addition, the consumption of sodium relative to potassium 
did not vary by current breastfeeding status despite lower sodium and potassium intakes 
among children who are currently breastfed, suggesting proportionally lower intakes for 
both of these nutrients among children who are currently breastfed.
On the basis of dietary intake data, the vast majority of US preschool-aged children exceed 
the UL for sodium and do not meet the AI for potassium, suggesting that they are at 
increased risk of high BP. We were unable to examine this association in this study because 
data on BP are unavailable in children aged <8 y in NHANES. Data to directly set a UL on 
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the basis of expected BP change, such as that from the Dietary Approaches to Stop 
Hypertension sodium trial in adults (36), remain unavailable in children. Data from 
numerous observational studies documenting the tracking of BP with age and the 
recognition that the “antecedents of chronic conditions in adults” such as elevated BP occur 
in childhood led the IOM to extrapolate the adult sodium UL and potassium AI to children 
(17). The somewhat greater excess sodium intake and sodium:potassium ratio among non-
Hispanic black children in this study is a concern given that a higher proportion of non-
Hispanic blacks compared with other race-ethnic groups are sodium sensitive as adults (5, 
17). However, it is unknown whether these higher sodium intakes in childhood cause 
sodium sensitivity in later years. Consistent with the approach for setting ULs for children, a 
recent report indicated expressing recommendations in terms of milligrams of sodium per 
kilocalorie would help accommodate the energy needs of different subgroups of the 
population. In addition, the authors argued that this approach is not necessarily inconsistent 
with the Dietary Guidelines (37) given that current sodium intakes are so much higher than 
recommended amounts. Further research on the effects of early sodium intake on later 
hypertension would help inform the Dietary Guidelines, including efforts to support 
development of guidelines for children aged <2 y (38).
In the current food environment, it is a challenge for US children to meet current 
recommendations for sodium and potassium intakes, particularly after the introduction of 
complementary foods. Although race-ethnic differences were apparent in sodium and 
potassium intake and the sodium:potassium ratio, our data suggest that all race-ethnic groups 
consumed too much sodium and too little potassium. Previous data indicate that the main 
sources of potassium in the diets of US infants and toddlers are infant formula, human or 
other milk, infant and other cereals, and fruit and vegetables (eg, bananas, potatoes). The 
main sources of sodium are infant formula, human milk or other milk, cheese, breads, rolls, 
biscuits, non–infant cereals, processed and other meats (eg, hot dogs, chicken), and salty 
snacks (eg, crackers, pretzels, rice cakes) (35). Data from NHANES 2001– 2004 for 894 
children aged 2–3 y suggested that 32%, 80%, and 41% of them consumed fruit, vegetables, 
and milk below the recommendations, respectively. In children aged 4–8 y, the percentages 
were 63%, 92%, and 42%, respectively (39).
Several limitations were identified. A potential limitation of our study is underestimation of 
sodium and potassium intake. The 24-h dietary recall underestimates sodium and caloric 
intake in adults by approximately <9% and 11%, respectively, and may underestimate 
sodium and potassium intake in children (40-42). The dietary recalls were reported by a 
proxy, who may under- or overestimate intake of food consumed at day care or preschool. In 
addition, the estimated usual sodium intake in our study included sodium intake from foods, 
beverages (including water), and added sodium during cooking, but it excluded use of salt at 
the table. The exclusion of table salt is not expected to bias the nutrient intake estimates 
because <0.5% of sodium intake in children aged 1–3 and 4–8 y is estimated to come from 
salt added at the table (19). In addition, nonresponse bias may result in an overestimate or 
underestimate of the usual daily intake of sodium and potassium. Estimates of dietary intake 
in our study, however, were weighted to account for nonresponse, thus reducing the 
possibility of response bias, and only ~8% of the sample was excluded because of missing 
information on covariates. Furthermore, limited differences were noted between those 
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included and those excluded from our analytic sample. Finally, although the FITS approach 
was used to assess sodium and potassium from human milk, the estimates of the volume of 
human milk in each age stage are broad and imprecise, and thus differences in total sodium 
intake by breastfeeding status need to be interpreted with caution.
The early establishment of taste preferences for salty foods (16) and lower estimated sodium 
and energy intake among infants and children who were currently breastfeeding is another 
reason to promote breastfeeding for 12 mo as recommended by the American Academy of 
Pediatrics (43). Furthermore, despite the lower potassium intake among currently breastfed 
infants, the sodium:potassium ratio did not differ from those not currently breastfed. Finally, 
after infancy, the increased consumption of sodium-dense foods and reversal of the 
sodium:potassium ratio emphasize the need to continue efforts to reduce the amount of salt 
in the US food supply and to increase consumption of good sources of potassium, such as 
low-fat milk and fruit and vegetables. New regulations in schools call for lowering the 
amount of sodium in foods (44). Lowering sodium intake and increasing consumption of 
potassium-containing foods among infants and young children could prevent high BP (15) 
and subsequently cardiovascular disease. According to a 2013 IOM report on sodium intake 
in populations, analyses of the health consequences of dietary sodium in combination with 
potassium in children would strengthen the evidence for sodium reduction (45).
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
References
1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata D, Dai S, Ford 
ES, et al. Heart disease and stroke statistics— 2012 update: a report from the American Heart 
Association. Circulation. 2012; 125:e2–220. [PubMed: 22179539] 
2. Coleman TG, Manning RD Jr, Norman RA Jr, Granger HJ, Guyton AC. The role of salt in 
experimental and human hypertension. Am J Med Sci. 1972; 264:103–10. [PubMed: 4653113] 
3. Dahl LK. Salt and hypertension. Am J Clin Nutr. 1972; 25:231–44. [PubMed: 5009786] 
4. Cutler, JAOE.; Roccela, EJ. Dietary salt reduction. In: Whelton, PKHJ.; Louis, GT., editors. 
Lifestyle modification for the prevention and treatment of hypertension. New York, NY: Marcel 
Dekker; 2003. p. 139-59.
5. Weinberger MH. Salt sensitivity of blood pressure in humans. Hypertension. 1996; 27:481–90. 
[PubMed: 8613190] 
6. Yang Q, Zhang Z, Kuklina EV, Fang J, Ayala C, Hong Y, Loustalot F, Dai S, Gunn JP, Tian N, et 
al. Sodium intake and blood pressure among US children and adolescents. Pediatrics. 2012; 
130:611–9. [PubMed: 22987869] 
7. Brunette MG, Mailloux J, Lajeunesse D. Calcium transport through the luminal membrane of the 
distal tubule. I. Interrelationship with sodium. Kidney Int. 1992; 41:281–8. [PubMed: 1552702] 
8. Young DB, McCaa RE, Pan YJ, Guyton AC. The natriuretic and hypotensive effects of potassium. 
Circ Res. 1976; 38(suppl 2):84–9. [PubMed: 1269113] 
9. Vander AJ. Direct effects of potassium on renin secretion and renal function. Am J Physiol. 1970; 
219:455–9. [PubMed: 5448076] 
10. van Buren M, Rabelink TJ, van Rijn HJ, Koomans HA. Effects of acute NaCl, KCl and KHCO3 
loads on renal electrolyte excretion in humans. Clin Sci (Lond). 1992; 83:567–74. [PubMed: 
1335393] 
Tian et al. Page 10













11. Morris RC Jr, Sebastian A, Forman A, Tanaka M, Schmidlin O. Normotensive salt sensitivity: 
effects of race and dietary potassium. Hypertension. 1999; 33:18–23. [PubMed: 9931076] 
12. Geleijnse JM, Grobbee DE, Hofman A. Sodium and potassium intake and blood pressure change in 
childhood. BMJ. 1990; 300:899–902. [PubMed: 2337712] 
13. Chen W, Srinivasan SR, Ruan L, Mei H, Berenson GS. Adult hypertension is associated with 
blood pressure variability in childhood in blacks and whites: the Bogalusa Heart Study. Am J 
Hypertens. 2011; 24:77–82. [PubMed: 20725054] 
14. Bao W, Threefoot SA, Srinivasan SR, Berenson GS. Essential hypertension predicted by tracking 
of elevated blood pressure from childhood to adulthood: the Bogalusa Heart Study. Am J 
Hypertens. 1995; 8:657–65. [PubMed: 7546488] 
15. Tekol Y. Maternal and infantile dietary salt exposure may cause hypertension later in life. Birth 
Defects Res B Dev Reprod Toxicol. 2008; 83:77–9. [PubMed: 18330898] 
16. Stein LJ, Cowart BJ, Beauchamp GK. The development of salty taste acceptance is related to 
dietary experience in human infants: a prospective study. Am J Clin Nutr. 2012; 95:123–9. 
[PubMed: 22189260] 
17. Institute of Medicine. Dietary Reference Intake for water, potassium, sodium, chloride, and sulfate. 
Washington, DC: The National Academies Press; 2005. 
18. US Department of Health and Human Services; US Department of Agriculture. Dietary guidelines 
for Americans, 2010. 7. Washington, DC: US Government Printing Office; 2010. 
19. Institute of Medicine. Strategies to reduce sodium intake in the United States. Washington, DC: 
The National Academies Press; 2010. 
20. Butte NF, Fox MK, Briefel RR, Siega-Riz AM, Dwyer JT, Deming DM, Reidy KC. Nutrient 
intakes of US infants, toddlers, and preschoolers meet or exceed dietary reference intakes. JAm 
Diet Assoc. 2010; 110(suppl):S27–37. [PubMed: 21092766] 
21. Briefel R, Ziegler P, Novak T, Ponza M. Feeding Infants and Toddlers Study: characteristics and 
usual nutrient intake of Hispanic and non-Hispanic infants and toddlers. J Am Diet Assoc. 2006; 
106(suppl 1):S84–95. [PubMed: 16376633] 
22. Centers for Disease Control and Prevention; National Center for Health Statistics. [26 April 2013] 
National Health and Nutrition Examination Survey. Updated 19 June 2012 Available from: http://
www.cdc.gov/nchs/nhanes/nhanesquestionnaires.htm
23. Agricultural Research Service; USDA. [16 July 2012] Automated multiple-pass method, 2003–
2004. Available from: http://www.ars.usda.gov/ba/bhnrc/fsrg
24. Agricultural Research Service; USDA. [9 August 2012] Food and Nutrition Database for Dietary 
Studies (FNDDS). Available from: http://www.ars.usda.gov/services/docs.htm?docid=12089
25. Mattes RD, Donnelly D. Relative contributions of dietary sodium sources. J Am Coll Nutr. 1991; 
10:383–93. [PubMed: 1910064] 
26. USDA; Agricultural Research Service. [26 April 2013] USDA National Nutrient Database for 
Standard Reference, release 25. Last modified 14 December 2012 Available from: http://
www.ars.usda.gov/Services/docs.htm?docid=8964
27. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, Wei R, Curtin LR, 
Roche AF, Johnson CL. 2000 CDC growth charts for the United States: methods and 
development. Vital Health Stat 11. 2002; 246:1–190. [PubMed: 12043359] 
28. Ogden CL, Flegal KM. Changes in terminology for childhood overweight and obesity. Nat Health 
Stat Rep. 2010; 25:1–5.
29. Carriquiry AL. Estimation of usual intake distributions of nutrients and foods. J Nutr. 2003; 
133(suppl):601S–8S. [PubMed: 12566510] 
30. Dodd, KW. A user’s guide to PC-SIDE: software for intake distribution estimation, version 1.0. 
Ames, IA: Center for Agriculture and Rural Development, Iowa State University; 1996. CARD 
technical report 96-TR31
31. Guenther PM, Kott PS, Carriquiry AL. Development of an approach for estimating usual nutrient 
intake distributions at the population level. J Nutr. 1997; 127:1106–12. [PubMed: 9187624] 
32. USDA; Agricultural Research Service; Food Surveys Research Group. [18 July 2013] 
Correlations: energy & sodium and energy & potassium. 2010. Available from: http://
Tian et al. Page 11















33. Heird WC, Ziegler P, Reidy K, Briefel R. Current electrolyte intakes of infants and toddlers. J Am 
Diet Assoc. 2006; 106(suppl 1):S43–51. [PubMed: 16376629] 
34. National Cancer Institute; National Institutes of Health. [21 May 2010] Risk factor monitoring and 
method, cancer control and population sciences. Available from: http://riskfactor.cancer.gov/diet/
foodsources/potassium/table1a.html
35. Fox MK, Reidy K, Novak T, Ziegler P. Sources of energy and nutrients in the diets of infants and 
toddlers. J Am Diet Assoc. 2006; 106(suppl 1):S28–42. [PubMed: 16376628] 
36. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, Obarzanek E, Conlin PR, 
Miller ER III, Simons-Morton DG, et al. Effects on blood pressure of reduced dietary sodium and 
the Dietary Approaches to Stop Hypertension (DASH) diet. DASH-Sodium Collaborative 
Research Group. N Engl J Med. 2001; 344:3–10. [PubMed: 11136953] 
37. Guenther PM, Lyon JM, Appel LJ. Modeling dietary patterns to assess sodium recommendations 
for nutrient adequacy. Am J Clin Nutr. 2013; 97:842–7. [PubMed: 23446903] 
38. NIH Division of Nutrition Research Coordination. [4 June 2013] Hot topics. Update on the B-24 
Project: evaluating the evidence base to support the inclusion of infants and children from birth to 
24 months of age in the Dietary Guidelines for Americans National Institutes of Health Nutrition 
Quarterly, 2013 May 20, volume 2, no 2. Available from: http://dnrc.nih.gov/newsletter/
2013/May/hotTopics.asp
39. Krebs-Smith SM, Guenther PM, Subar AF, Kirkpatrick SI, Dodd KW. Americans do not meet 
federal dietary recommendations. J Nutr. 2010; 140:1832–8. [PubMed: 20702750] 
40. Rhodes DG, Murayi T, Clemens JC, Baer DJ, Sebastian RS, Moshfegh AJ. The USDA automated 
multiple-pass method accurately assesses population sodium intakes. Am J Clin Nutr. 2013; 
97:958–64. [PubMed: 23553153] 
41. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, Paul DR, Sebastian 
RS, Kuczynski KJ, Ingwersen LA, et al. The US Department of Agriculture automated multiple-
pass method reduces bias in the collection of energy intakes. Am J Clin Nutr. 2008; 88:324–32. 
[PubMed: 18689367] 
42. Espeland MA, Kumanyika S, Wilson AC, Reboussin DM, Easter L, Self M, Robertson J, Brown 
WM, McFarlane M. Tone Cooperative Research Group. Statistical issues in analyzing 24-hour 
dietary recall and 24-hour urine collection data for sodium and potassium intakes. Am J 
Epidemiol. 2001; 153:996–1006. [PubMed: 11384956] 
43. American Academy of Pediatrics. Policy statement: breastfeeding and the use of human milk. 
Pediatrics. 2012; 129:e827–41. [PubMed: 22371471] 
44. USDA; Food and Nutrition Service. Nutrition standards in the National School Lunch and School 
Breakfast Programs, final rule. 2012. Fed Regist. 2012; 77:4088. [PubMed: 22359796] 
45. Institute of Medicine. Sodium intake in populations: assessment of the evidence. Washington, DC: 
The National Academies Press; 2013. 
Tian et al. Page 12

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Am J Clin Nutr. Author manuscript; available in PMC 2015 September 03.
